Permeability coefficients (Kp) of nonelectroytes were determined at several temperatures for nonacclimated and acclimated plasma membranes of the frost sensitive Solanum tuberosum and the frost resistant Solanum commersonii. In nonacclimated membranes, Kp were equal at 25°C for the two species. Kp decreased with decreased temperature in both species; however, the decrease was much greater in the frost sensitive S. tuberosum than in frost resistant S. commersonii.
The plasma membrane is considered an important site of injury during a damaging freeze-thaw cycle in plants. Damage has been attributed to structural alterations of the membrane proteins, lipids, or both upon exposure to low temperature and freeze-induced dehydration stress (1, 6, 9, 19) . Changes in membrane characteristics upon acclimation to low temperature have been studied and attempts have been made to correlate these with changes in freezing tolerance. Most of these studies have focused on changes in the composition and fluidity of the lipid portion of cellular membranes upon acclimation (4, 11, 12, 16, 17) . Changes in membrane lipid and fatty acid composition could be involved in maintaining membrane fluidity, stability, and function at low temperatures (5, 10, 17) .
Decreasing temperature can have a direct effect on the physical status of membrane lipids. This can affect such membrane functions as enzymic activity, and active and passive transport. Passive transport or permeability is directly affected by a change in the lipid composition or a change in the physical status of membranes in response to temperature changes (2, 8) . In this study, passive permeation of nonelectrolytes through the lipid portion of the plasma membrane was used as a nondestructive probe for examining the response of the membrane lipids to changes in temperature. Two nonelectrolytes, urea and methylurea, with different partition coefficients were used (18 Methylurea and urea permeability were measured by perfusing the tissue with a 0.8 M mannitol solution and then perfusing with a nonelectrolyte solution of osmotic potential equal to that of the mannitol solution. As the protoplasts deplasmolyzed, the change in protoplast length was measured at timed intervals using an eyepiece micrometer (13, 14) . Nonelectrolyte permeability was measured in nonacclimated and acclimated leafpetiole subepidermal cells at 25, 20, 15, 10, and 5°C. One to three cells were measured from I section/leaf and no more than 2 leaves were sampled/plant. All measurements were made within 3 to 4 h after sectioning and each cell was used only once. All solutions contained 25 mm KCI and 10 mM CaCl. Analytical grade mannitol and urea (Mallinckrodt Inc.), and purified methylurea (Eastman Kodak Co.), recrystallized twice from 95% ethanol, were used.
Permeability coefficients were calculated as described by Stadelmann (13, 14) . Arrhenius plots (Kp versus l/T) were made and analyzed using linear regression (least squares method). Ea for Kp were calculated from the slope of each regression line. Significant differences between Ea were determined at the 5% level by a t test for homogenity of the slopes ( 15) . RESULTS Nonacclimated. The Kp were greater for methylurea than for urea. At 25°C the Kp of urea and the Kp of methylurea for the nonacclimated membranes were the same for both species (Table  I ). The Kp of urea and methylurea at 5°C were much greater for S. commersonii than for S. tuberosum (Table I ). Arrhenius plots of the nonelectrolyte data indicate a linear relationship between the In of the Kp and the reciprocal temperature (Fig. 1) . Ea calculated from the slopes of the regression lines reflect the differences in temperature sensitivity of the Kp between the two species (Table III) . Within a species the Ea for urea and methylurea Kp were the same. However, the Ea were significantly (Fig. 2) . Ea for urea and methylurea Kp were the same within and between the two species (Table III) .
DISCUSSION
In this study, nonelectrolyte permeation was measured to examine the response of the plasma membrane lipids to changes in temperature. Using plasmometric techniques, the permeability coefficients were calculated for nonelectrolytes in the plasma membrane (13) . These Kp can be used as a probe of the membrane's physical status in vivo. Carruthers and Melchior (2) and McElhaney et al. (8) reported that water and -nonelectrolyte permeation rates were positively correlated with liposome fluidity. A change in Kp for a given nonelectrolyte might then reflect a change in the physical status or composition of the plasma membrane lipids.
Methylurea had a greater Kp than urea in both species. This corresponds to its greater lipid solubility (18) . The temperature sensitivities of the Kp for urea and methylurea were the same within a species ( Fig. 1 ; Table III ). The two nonelectrolytes, therefore, provided two separate but equivalent probes of the lipid portion of the plasma membrane.
At 25°C in nonacclimated tissue there was no difference in the respective Kp for urea and methylurea between the two species. The Kp at 5C, however, were significantly higher in the frost resistant S. commersonji than in the frost sensitive S. tuberosum.
In light ofthe work of McElhaney et al. (8) , these results suggests that prior to acclimation S. commersonii plasma membranes were more fluid at low temperatures than those of S. tuberosum.
After acclimation, Kp increased in both species. While some workers have, suggested a correlation between membrane increased permeability and/or fluidity, and freezing tolerance (7, 16) , others have fo -id no correlation (11) . In this study, increased Kp (e.g. increased fluidity) was observed in both species. However, freezing tolerance did not increase in S. tuberosum, suggesting that increased fluidity is not sufficient to cause an increase in freezing tolerance.
In addition to increased Kp, the Ea decreased in cold acclimated S. tuberosum. The Ea were similar to those of acclimated and nonacclimated S. commersonii. Although Kp were five to (8) found that nonelectrolyte permeation rates could be increased in Acholeplasma laidlawii B cells without affecting the Ea for permeation by incorporating more short chains or unsaturated fatty acids into the bilayer. An increase in unsaturation of total cellular membrane fatty acids upon exposure to low temperatures is common in plants (17) . However, recent analysis of plasma membranes isolated from cold acclimated and nonacclimated orchard grass indicates that there is only a small change in fatty acid unsaturation, but a large increase in the phospholipid-to-protein ratio after cold acclimation (20) . The changes in Kp found in this study are likely due to changes in the plasma membrane. Whether it is due to an increase in short chain or unsaturated fatty acids, or changes in the amounts of sterols, phospholipids, or lipid-protein ratio is unknown.
